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Description 



VARIABLE PITCH MANIFOLD FOR ROTOR 
COOLING IN AN ELECTRICAL MACHINE 

Background of Invention 

[0001] The present invention relates to electrical machines such 
as (but not limited to) electrical generators and, more par- 
ticularly, to a manifold of a generator rotor which pro- 
motes uniform cooling of the windings of the generator 
rotor. 

[0002] | n a conventional generator having a rotor and a stator, 
the rotor is provided with field windings that excite the 
generator while receiving a current from an excitation 
current source. The stator is provided with windings from 
which electrical power is output. Typical rotor construc- 
tion requires that a field winding be assembled bar by bar, 
into radial slots milled into a rotor body. Containment of 
the rotor field windings is typically achieved using rotor 
wedges, rotor teeth and retaining rings. A carbon filled 
reinforced enclosure (CFRE) rotor eliminates the need for 



the coil slots milled in the rotor shaft and enables the as- 
sembly of a field winding as a single winding module, one 
for each pole. It is known to use individual radial mani- 
folds under each coil module with a fixed axial spacing 
between discharge or ventilation holes in the manifolds. 
[0003] it is desirable to provide a more uniform cooling to the 
rotor windings. By providing a more uniform cooling to 
the rotor windings, "hot spots"(areas of very high temper- 
atures) may be avoided. The advanced physical deteriora- 
tion of generator components (e.g., insulation) at these 
areas can thus be avoided, thereby extending the opera- 
tional life of the generator. 
Summary of Invention 

[0004] a rotor in an electrical machine comprises a magnetic core 
having at least two poles, a plurality of winding assem- 
blies, one for each pole, and a cylindrical tube enclosing 
the magnetic core and winding assemblies. The tube in- 
cludes a plurality of rings having different axial widths. 
The tube may be formed of a non-metallic material. Each 
of the rings may be axially spaced apart from an adjacent 
ring. The rings may be axially spaced apart such that ra- 
dial discharge slots defined in the magnetic core are axi- 
ally aligned with respective spaces between the rings. The 



respective axial widths of the rings located at both axial 
ends of the tube may be smaller than the axial width of 
the ring axially located at or near the center of the tube. 
The respective axial widths of the rings may become pro- 
gressively smaller than the axial width of the ring axially 
located at or near the center of the tube as the axial dis- 
tance away from the center of the tube increases. The ro- 
tor may further comprise a plurality of winding braces 
coupled to at least one of the winding assemblies, the 
winding braces having different radial heights. The radial 
heights of the winding braces located at both axial ends 
of the tube may be smaller than the radial height of the 
winding brace axially located at or near the center of the 
tube. The respective radial heights of the winding braces 
may become progressively smaller than the radial height 
of the winding brace axially located at or near the center 
of the tube as the axial distance away from the center of 
the tube increases. The rotor may further comprise a plu- 
rality of winding braces coupled to at least one of the 
winding assemblies and axially spaced apart from each 
other, the axial distance between one pair of adjacent 
winding braces being different than the axial distance be- 
tween another pair of adjacent winding braces. The re- 



spective axial distances between the winding braces lo- 
cated at the ends of the tube may be smaller than the ax- 
ial distance between the winding braces located at or near 
the center of the tube. The respective axial distances be- 
tween adjacent winding braces may become progressively 
smaller than the axial distance between adjacent winding 
braces axially located at the center of the tube as the axial 
distance away from the center of the tube increases. The 
rotor may further comprise a shield having a plurality of 
ventilation holes defined therein, the shield being dis- 
posed between (i) the tube and (ii) the magnetic core and 
winding assemblies. The ventilation holes may be circular 
or elliptical. The ventilation holes may be aligned in re- 
spective rows in the axial direction of the shield, and the 
respective rows of ventilation holes may be axially aligned 
with respective axial spaces defined between the rings. 
The ventilation holes may be aligned in respective rows in 
the axial direction of the shield and the axial distance be- 
tween the rows may be non-uniform. The distance be- 
tween the rows of ventilation holes formed in the shield 
may become progressively smaller as the axial distance 
away from the center of the shield increases. 
[0005] a cylindrical tube for enclosing rotor components includ- 



ing a magnetic core having at least two poles and a plu- 
rality of winding assemblies comprises a plurality of rings 
having different axial widths. The tube may be formed of 
a non-metallic material. Each of the rings may be axially 
spaced apart from an adjacent ring. The rings may be axi- 
ally spaced apart such that radial discharge slots defined 
in the magnetic core are axially aligned with respective 
spaces between the rings. The respective axial widths of 
the rings at both axial ends of the tube may be smaller 
than the axial width of the ring axially located at or near 
the center of the tube. The respective axial widths of the 
rings may become progressively smaller than the axial 
width of the ring axially located at or near the center of 
the tube as the axial distance away from the center of the 
tube increases. 
Brief Description of Drawings 

[0006] FIGURE 1 is a schematic illustration of a rotor, stator, 

shield and cylindrical enclosure tube of an electrical ma- 
chine in accordance with an exemplary embodiment of the 
present invention; 

[0007] FIGURE 2 is a side view of the cylindrical enclosure tube 
shown in FIGURE 1; 

[0008] FIGURE 3 is a side view of an exemplary embodiment of 



the shield shown in FIGURE 1; 

[0009] FIGURE 4 is a side view of another exemplary embodiment 
of the shield shown in FIGURE 1; 

[001 0] FIGURE 5 is a cross-sectional view of a series of winding 
braces of variable radial height connected to the cylindri- 
cal enclosure tube shown in FIGURE 1; and 

[001 1] FIGURE 6 is a partial sectional view illustrating one of the 
winding braces shown in FIGURE 5. 
Detailed Description 

[0012] Fig. 1 illustrates an electrical machine such as, but not 
limited to, a generator including a rotor 10 rotatably 
mounted within stator 50. Rotor 10 includes a longitudi- 
nal axis 11 about which rotor 10 rotates within stator 50, 
a multi-pole magnetic core 12 (two-pole core shown) and 
a plurality of winding assemblies 30, one for each pole. 
Rotor 10 also includes a non-metallic, cylindrical tube 20 
enclosing core 12 and winding assemblies 30. Rotor 10 
may also include a continuous shield 40 interposed be- 
tween tube 20 and winding assemblies 30. 

[0013] After winding assemblies 30 are slid over the parallel 
sided forging of two-pole magnetic core 12, tube 20 is 
slid over the assembly. Tube 20 is constructed from a 
non-metallic low density composite material, such as a 



carbon fiber-glass fiber composite and is configured to 
discharge winding ventilation gas to a generator air gap 
52 defined between rotor 10 and stator 50. The material 
forming tube 20 preferably has a high strength to weight 
ratio. 

[0014] pig. 2 illustrates details of an exemplary embodiment of 
tube 20 enclosing other components of rotor 10 (e.g., 
core 12 illustrated in dashed line). Tube 20 is formed by a 
plurality of rings 21 which are axially separated from each 
other such that respective spaces 22 having a predeter- 
mined distance are defined between each of rings 21. 
Spaces 22 form radial discharge paths for a cooling fluid 
as illustrated by the arrows 25 indicating the directions of 
cooling gas flow. In particular, spaces 22 form radial dis- 
charge paths for venting cooling fluid to air gap 52. 
Spaces 22 are axially aligned with radial discharge paths 
17 of core 12 so that cooling gas flows through a mani- 
fold of rotor 10 in the directions indicated by arrows 25. 

[0015] The respective axial widths of rings 21 vary. For example, 
the axial width of ring 21a located at the axial center 
of tube 20 is larger than the axial width W of adjacent 

b 

ring 21b. The axial width W of ring 21b is larger than the 

b 

axial width W of ring 21c. Similarly, axial width W of ring 



21a is larger than the axial width W of ring 2 Id which is 

d 

in turn larger than the axial width W of ring 21e. The re- 

e 

spective axial widths of rings 21 thus become progres- 
sively smaller as the axial distance from the center of tube 
20 increases. The rings 21 located at the ends of cylinder 
20 thus have the smallest axial width. Ring 21a located at 
the center of tube 20 has the largest axial width W^. 

[0016] By varying the respective axial widths of rings 21, the ax- 
ial distance between successive spaces 22 varies. In par- 
ticular, the axial distance between successive spaces 22 
becomes progressively smaller as the axial distance from 
the center of tube 20 increases. Tube 20 would by itself 
thus provide a non-uniform distribution of cooling fluid 
flow due to the variable separation between spaces 22. By 
adjusting the respective axial widths of rings 21, the dis- 
tance between successive spaces 22 forming radial dis- 
charge paths for cooling fluid may be adjusted. 

[0017] pig. 3 illustrates details of an exemplary embodiment of 
shield 40. Shield 40 is formed of a continuous metallic 
body with a plurality of ventilation holes 41. Ventilation 
holes 41 formed in continuous cylindrical shield 40 pro- 
vide discharge openings for venting cooling fluid to air 
gap 52 without introducing stress concentrations in shield 



40 and/or tube 20. The flow of the cooling fluid through 
core 12 and shield 40 are demonstrated by arrows 25. 
Ventilation holes 41 may have an elliptical shape as illus- 
trated in Fig. 3 or a circular shape as illustrated in the al- 
ternative exemplary embodiment shown in Fig. 4. 

[0018] Ventilation holes 41 are aligned in respective axial rows. 
For example, a number of ventilation holes 41 (six venti- 
lation holes 41 shown in Fig. 3) may be aligned in axial 
row 42. Each of these holes 41 in row 42 has an equal ax- 
ial distance from the center of shield 40. Other axial rows 
43-46 each comprising a plurality of ventilation holes 41, 
are also formed in shield 40. The rows of ventilation holes 

41 are aligned with respective radial discharge paths 17 of 
core 12. 

[0019] As illustrated in Fig. 3, the axial spacing between rows of 
ventilation holes 41 is non-uniform. The axial distance 
separating consecutive rows of ventilation holes 41 be- 
comes progressively smaller as the axial distance from the 
center of shield 40 increases. For example, the axial dis- 
tance between rows 44 and 43 is shorter than the distance 
between rows 43 and 42. Due to this non-uniform spac- 
ing of ventilation holes 41, the flow of cooling fluid pro- 
vided by shield 40 would (by itself) be non-uniform. 



[0020] As illustrated in Fig. 1, shield 40 is interposed between 
winding assemblies 30 and cylindrical tube 20. The axial 
rows of holes formed in shield 40 (shown in Fig. 3) are 
axially aligned with the spaces between rings 21 of tube 
20 to establish the flow of cooling fluid illustrated by ar- 
rows 25. For example, axial row 42 of ventilation holes 41 
formed in shield 40 is axially aligned with the space be- 
tween rings 21a and 21b of cylindrical tube 20. Row 43 of 
ventilation holes 41 formed in shield 40 is axially aligned 
with the axial space between rings 21b and 21c of cylin- 
drical tube 20. Row 45 of ventilation holes 41 formed in 
shield 40 is axially aligned with the space between rings 
2 la and 2 Id of cylindrical tube 20. As a final example, 
row 46 of ventilation holes 41 of shield 40 is axially 
aligned with the space between rings 2 Id and 21e of 
cylindrical tube 20. The rows of ventilation holes 41 are 
thus aligned with the axial spaces between successive 
rings 21 of cylindrical tube 20 to establish cooling fluid 
discharge paths shown by arrows 25. 

[0021] pigs. 5-6 illustrate a plurality of winding braces 31 cou- 
pled to tube 20 and core 12. Winding braces 31 connect 
windings 33 to core 12. In particular, a respective locking 
pin 35 connects each winding brace 31 to core 12 so that 



winding 33 may be connected to core 12. 

[0022] Each of the winding braces 31 is also coupled to a respec- 
tive one of the rings 21. As illustrated in Fig. 5, winding 
braces 31 have a variable radial height and a variable axial 
spacing. For example, the radial height h3 of winding 
brace 31c connected to ring 21c is smaller than the radial 
height h2 of winding brace 31b connected to ring 21b 
which is in turn smaller than the radial height hi of wind- 
ing brace 31a connected to the center-most ring 21a. 
Similarly, the radial height h5 of winding brace 31e con- 
nected to ring 21e is smaller than the radial height h4 of 
winding brace 3 Id connected to ring 2 Id which is in turn 
smaller than the radial height hi of winding brace 31a 
connected to the center-most ring 21a. The respective ra- 
dial heights of the winding braces 31 thus become pro- 
gressively smaller as the distance away from the center of 
tube 20 increases. 

[0023] The axial spacing between successive winding braces 31 
also becomes progressively smaller as the axial distance 
from the center of tube 20 increases. For example, the 
axial spacing S 2 between the winding braces 31c and 31b 
is smaller than the axial spacing S i between the winding 
braces 31b and 31a. Similarly, the axial spacing S be- 



tween the winding braces 31e and 31d is smaller than the 
axial spacing S 3 between the winding braces 3 Id and 31a. 
The variable axial spacing of winding braces 31 counter- 
acts the (otherwise) non-uniform distribution of cooling 
fluid flow emanating from tube 20 formed between the 
inner radial edge of the winding braces 31 and the shaft 
of the rotor 10. The radial discharge flow between each 
adjacent pair of winding braces 31 may be adjusted by 
changing the axial separation between those two winding 
braces 31 to obtain the desired flow of cooling fluid. 
Moreover, the radial height (e.g., h^-hj of braces 31 may 
be adjusted to thus adjust the position of the inner radial 
edge of each winding brace 31 to throttle the flow of 
cooling fluid in the downstream tube 20. Accordingly, the 
axial spacing (e.g., S^S^ of the winding braces 31 and 
the radial height (e.g., h 1 _n 5 ) of winding braces 31 may 
each be adjusted to provide a more uniform rotor winding 
temperature. By adjusting the axial spacing and radial 
height of the winding braces 31, an overall distribution of 
cooling fluid flow in the rotor 10 and stator 50 that mini- 
mizes hot spots in both the stator and rotor windings may 
be achieved. Ventilation may be provided without intro- 
ducing stress concentrations in tube 20. The rotor assem- 



bly can thus be simplified and the risk of local damage to 
individual pieces is isolated as opposed to requiring re- 
placement of the entire containment structure. 
[0024] while the invention has been described in connection with 
what is presently considered to be the most practical and 
preferred embodiment, it is to be understood that the in- 
vention is not to be limited to the disclosed embodiment, 
but on the contrary, is intended to cover various modifica- 
tions and equivalent arrangements included within the 
spirit and scope of the appended claims. 



